A Gram-staining-negative, red-pigmented, motile, rod-shaped bacterial strain, designated as W14 T , was isolated from a hexachlorocyclohexane-contaminated dumpsite located in the northern part of India at Ummari Village, Lucknow. Phylogenetic analysis based on 16S rRNA gene sequence showed that the strain belongs to the genus Pontibacter with highest sequence similarity to Pontibacter lucknowensis DM9 T (98.1 %). The 16S rRNA gene sequence similarity between strain W14 T and members of other species of the genus Pontibacter ranged from 98.1 to 94.2 %. The DNA-DNA relatedness between strain W14 T and P. lucknowensis DM9 T was 33.7 % and with other closely related strains was found to be less than 20 %, confirming it to represent a novel species. The DNA G+C content of strain W14 T was 51.3 mol%. Strain W14 T was oxidase-and catalase-positive. The predominant cellular fatty acids were summed feature 4 (C 17 : 1 iso I/anteiso B and C 17 : 1 anteiso B/iso I), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The polar lipid profile of strain W14
Introduction
The genus Pontibacter belongs to the phylum Bacteroidetes. Members of this genus are Gram-staining-negative, heterotrophic, aerobic and pink/red-pigmented bacteria. At the time of writing, the genus Pontibacter comprised 23 recognized species including the recently published Pontibacter amylolyticus (Wu et al., 2016) , Pontibacter ummariensis (Mahato et al., 2015) and Pontibacter mucosus (Nayyar et al., 2016) and two species, 'Pontibacter salisaro' (Joung et al., 2011) and 'Pontibacter rhizosphera' (Raichand et al., 2011) whose names have not been validly published. During a survey of indigenous bacterial species inhabiting the hexachlorocyclohexane (HCH)-contaminated dumpsite located at Ummari village, Lucknow, India, strain W14 T was isolated and characterized. The HCH-contaminated dumpsite presents a stressed niche for microbial diversity Jit et al., 2011) , and previous attempts to unveil the cultivable diversity led to characterization of HCH-degrading sphingomonads (Singh & Lal, 2008; Dadhwal et al., 2009a, b; Bala et al., 2010; Garg et al., 2012) along with many species of the genus Pontibacter (Dwivedi et al., 2013; Singh et al., 2013 Singh et al., , 2014 . This study presents a taxonomic characterization of a novel species of the genus Pontibacter isolated from this dumpsite.
Sampling was performed during the month of June, 2014. A soil sample collected from the HCH dumpsite was suspended in 1Â sterile PBS (1.3 mM KCl, 137 mM NaCl, 3.2 mM Na 2 HPO 4 , 0.5 mM KH 2 PO 4 , pH 7.4), serially diluted and plated on Luria-Bertani (LB) agar plates. Single, well-defined bacterial colonies were screened, and a red-pigmented colony appearing within 48 h of incubation at 28 C was selected and purified by repeated streaking on LB agar plates. Strain W14 T was characterized taxonomically using a polyphasic approach (Vandamme et al., 1996) .
Phylogenetic analysis of strain W14
T based on 16S rRNA gene sequences was performed by using 8F, 341F, 786F and 1542R universal bacterial primers (Lane, 1991; Eden et al., 1991; Singh et al., 2013) . Sanger sequencing was performed by means of an ABI 3700/3730Â1 sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. The sequence obtained was assembled using Sequencing Analysis software, version 5.1 (http://sequencing-analysis.software.
informer.com/5.1/) and Clone Manager (http://clone-manager.software.informer.com/9.0/). A continuous stretch of 1430 bp of the 16S rRNA gene sequence of strain W14
T was subjected to the BLAST program of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov) and the EzTaxon-e server (Chun et al., 2007; Kim et al., 2012) . Based on the similarity search performed by the EzTaxon-e server, 16S rRNA sequences of the closest phylogenetic neighbours were retrieved for reconstruction of a phylogenetic tree. The sequences selected were aligned using CLUSTAL X (Thompson et al., 1997) . The alignment was checked manually for quality and terminal uncommon nucleotides were trimmed. Phylogenetic analysis was carried out using MEGA5.2 (Tamura et al., 2007) . The evolutionary tree was reconstructed using the neighbour-joining (NJ; Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. Evolutionary distances for the NJ tree reconstruction were calculated with the Jukes-Cantor model with bootstrap analysis with 1000 replications as the basis (Felsenstein, 1985) . Strain W14 T showed the highest sequence similarity with Pontibacter lucknowensis DM9 T (98.1 %), followed by Pontibacter ramchanderi LP43 T (97.7 %) and Pontibacter indicus LP100 T (97.2 %). All three phylogenetic tree reconstruction algorithms revealed a similar tree topology and demarcated that strain W14
T falls in the clade containing members belonging to the genus Pontibacter (Fig. 1) .
DNA-DNA hybridization was carried out between strain W14
T and three closely related type strains that showed more than 97 % 16S rRNA gene sequence similarity. Total Genomic DNA of the strains was extracted and purified using the method of Doyle & Doyle (1987) , and hybridization was performed as described by Tourova & Antonov (1988) . A scintillation counter (HidexNoki Technologies) was used to calculate the amount of bound probe. The percentage DNA-DNA hybridization relatedness on the basis of data obtained (mean of three replicates) varied from 33.7 to 15.1 % (Table S1 , available in the online Supplementary Material). All the hybridization values were much below the threshold of 70 % as approved for the delineation of novel bacterial species (Wayne et al.,1987) . Thus, DNA-DNA hybridization studies further supported the placement of strain W14
T as a representative of a separate and formerly unrecognized species.
Cell morphology was observed using a transmission electron microscope (Morgagni 268D, Fei Electron Optics) at the Department of Anatomy, All India Institute of Medical Sciences (AIIMS), Delhi, India. Microscopy revealed that strain W14
T was non-flagellated and rod-shaped (Fig. S1 ). Gliding motility was tested positive by using both the hanging drop method and stab culture in semi-solid growth medium (Tittsler & Sandholzer, 1936) . Strain W14
T was tested Gram-staining-negative by using a Gram staining kit (HiMedia) as per the manufacturer's instructions. Catalase activity was tested by addition of 3 % (v/v) hydrogen peroxide, and the reaction was considered as positive on the basis of rapid production of bubbles (McCarthy & Cross, 1984 ).
Oxidase activity was tested positive by using Oxidase Reagent (bioM erieux). Growth at different NaCl concentrations (0-20 %, w/v, at 1 % increments) and temperatures (4, 10, 20, 28, 30, 37, 45, 60 and 80 C) was tested in LB broth with incubation for a period of 7 days. Growth at pH 4.0-10.0 was tested using appropriate buffers (0.5 pH unit increments, pH of the respective tubes was rechecked after autoclaving) as described by Kim et al. (2014) . A 20 % (w/v) KOH solution was used for determining the presence of flexirubin-type pigments (Bernardet et al., 2002) . However, no colour shift was observed from orange to red/ purple/brown and thus, flexirubin-type pigments were observed to be absent in strain W14 T . The method of Arden Jones et al. (1979) was implemented for determining the hydrolysis of Tween 20, Tween 80, xanthine, hypoxanthine, casein and starch. Hydrolysis of gelatin and aesculin was performed as described by Cowan & Steel (1965) . Growth on nutrient agar (NA; HiMedia), marine agar (MA; HiMedia), trypticase soy agar (TSA; HiMedia), R2A agar (HiMedia), brain heart infusion agar (BHI; HiMedia) and citrate agar (CA; HiMedia) was also tested. Assimilation of different carbohydrates was tested in basal media (Gordon et al., 1974) , with bromocresol purple as pH indicator. Nitrate reduction and indole production by strain W14 T were tested according to the methods described by Smibert & Krieg (1994) . Urease activity was studied according to the method of Christensen 1946. The biochemical tests were also performed with the API20NE system (bioM erieux) for confirmation. Antibiotic sensitivity discs (HiMedia) were used for determining the resistance of strains to the following antibiotics, with concentration per disc mentioned in parentheses: rifampicin (5 µg), gentamycin (10 µg), oxytetracycline (30 µg), amikacin (30 µg), chloramphinicol (30 µg), vancomycin (30 µg), ciprofloxacin (5 µg), polymyxin B (300 µg), nalidixic acid (30 µg), kanamycin (30 µg), tetracycline (30 µg), penicillin (10 U) and ampicillin (10 µg). Differential characteristics of strain W14
T along with its close phylogenetic neighbours are listed in Table 1 .
Fatty acid methyl ester (FAME) analysis of strain W14
T and its three closest phylogenetic neighbours, P. lucknowensis DM9 T , P. ramchanderi Lp43 T and P. indicus LP100 T , was carried out at Royal Life Sciences, Secundarabad, India. For this the strains were first incubated on trypticase soy broth agar (TSBA) (HiMedia) for 24 h at 28 C, and in the late exponential growth phase were subjected to saponification, methylation and extraction using the methods as described by Miller (1982) and Kuykendall et al. (1988) . The FAME mixtures were separated using the Sherlock Microbial Identification System (MIDI). The identification was performed on the basis of the Aerobe TSBA 60 version 6.0 B database. The predominant fatty acids of strain W14
T were summed feature 4 (C 17 : 1 iso I/anteiso B and C 17 : 1 anteiso B/iso I; 46.6 %), iso-C 15 : 0 (11.2 %), iso-C 17 : 0 3-OH (8.6 %) and iso-C 15 : 0 3-OH (4.6 %). The fatty acid profile of strain W14 T in comparison with the profiles of the closely related strains P. lucknowensis DM9 T , P. ramchanderi LP43 T and P. indicus LP100
T is documented in Table S2 .
The polar lipids of strain W14 T were extracted from 100 mg freeze-dried cells by means of two-dimensional TLC according to the method of Tindall et al. (2007) . Polar lipids were separated by two dimensional TLC on silica gel (Silica gel 60 F254, 20Â20 cm; Merck Millipore). The first direction of the mobile solvent was chloroform/methanol/water (65 : 25 : 4, by vol.) and the second direction was chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). A 5 % ethanolic molybdophosphoric acid solution was used for detecting the total lipids, ninhydrin for aminolipids, and a-naphthol for glycolipids (Tindall, 1990a (Tindall, , b, 2007 . The polar lipid profile of strain W14
T contained phosphatidylethanolamine, diphosphatidylglycerol, an unidentified aminolipid, unknown glycolipid and three unknown polar lipids (Fig. S2) . These are common lipids reported in other members of the genus Pontibacter (Singh et al., 2013 (Singh et al., , 2014 . Polyamines were extracted as described by Busse & Auling (1988) and Altenburger et al. (1997) and were analysed by 
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Pontibacter yuliensis H9X T (KF146891) * * * * * * * * * * * * * * * * Fig. 1 . Neighbour-joining phylogenetic tree based on nearly complete 16S rRNA gene sequence data showing evolutionary relationships of strain W14 T with its close neighbours. Nearly complete 16S rRNA gene sequences were obtained using the GenBank accession numbers given in parentheses. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test with 1000 replicates are shown next to the branch points. Asterisks (*) indicate branches that were also recovered using the maximum-likelihood and maximum-parsimony algorithms The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. Bar, 1 nucleotide substitution per 100 nucleotide positions.
one-dimensional TLC (TLC plate: Silica gel 60 F254, 20Â20 cm; Merck) with ethyl acetate/cyclohexane as the mobile solvent phase. Polyamines were identified by comparing R f values using commercially prepared standards. The main cell polyamine was observed to be sym-homospermidine, which is a characteristic feature of the genus Pontibacter (Singh et al., 2013 (Singh et al., , 2014 . Isoprenoid quinones were extracted from 200 mg dry cell mass with a 1 : 1 ratio of 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (boiling point 60-80 C). The upper phase was collected and dried in a rotary evaporator (Büchi), and the residue was dissolved in 100 µl acetone. The extract was further analysed on a TLC plate (Silica gel 60 F254, 20Â20 cm; Merck) with petroleum ether and diethyl ether (85 : 15, v/v) as solvent. The purified menaquinones were again dissolved in diethyl ether and analysed by reversed-phase TLC as per the method described by Collins et al. (1977) . The respiratory quinone found in strain W14 T was menaquinone-7 (MK-7), which is characteristically reported for other members of the genus Pontibacter (Singh et al., 2014) . The DNA G+C (51.33±0.5 mol%) content of the strain was calculated by the method described by Gonzalez & Saiz-Jimenez (2002) using an Applied Biosystems 7500 Real-Time PCR machine.
The physiological and biochemical differences between strain W14
T and its closest phylogenetic neighbour, P. lucknowensis DM9 T , were clearly observed in the temperature range required for optimum growth along with their ability to utilize different sugars as carbon sources (Table 1 ). Strain W14
T was able to utilize sucrose, fructose, D-galactose and D-mannose whereas P. lucknowensis DM9 T was unable to utilize them. Further, strain W14
T was not able to utilize ribose, sorbitol, inositol or rhamnose in contrast to P. lucknowensis DM9
T . Strain W14 T was able to hydrolyse gelatin and starch but it was not able to utilize R2A as growth media. Strain W14
T was sensitive when tested for chloramphenicol and vancomycin where as strain P. lucknowensis DM9 T was resistant to them. In addition to this, strain W14
T was resistant to amikacin, gentamycin, kanamycin and penicillin in contrast to P. lucknowensis DM9 T .
Based on the inferences drawn from DNA-DNA relatedness, phylogenetic distinctness (based on 16S rRNA gene sequences), fatty acid and polar lipid profiles, and morphological, biochemical and physiological properties with closely related members of the genus Pontibacter, strain W14 T represents a novel species of the genus Pontibacter, for which the name Pontibacter virosus sp. nov. is proposed.
Description of Pontibacter virosus sp. nov.
Pontibacter virosus sp. nov. (vi.ro¢sus. L. adj. virosus smelly, slimy, referring to the strain's properties).
Gram-staining-negative, aerobic, motile (gliding motility; non-flagellated), rod-shaped bacterium (1.0-1.6 µm long and 0.4-0.6 µm in diameter). Colonies are red, smooth, translucent, circular, convex and appear after 48 h of incubation. The optimum temperature, pH and NaCl concentration for growth are 28 C, pH 7.0 and 1 % NaCl. Growth occurs on LB agar, nutrient agar, marine agar, trypticase soy yeast agar and brain heart infusion agar but not on R2A agar. Catalase and oxidase are positive. Indole and H 2 S T . All species are Gram-staining-negative, rodshaped, non-motile, urease-positive and catalase-and oxidase-positive. All are positive for growth on NA, MA, BHI and Tween 20 and are able to hydrolyse casein. All are able to utilize D-arabinose, D-glucose, mannitol and maltose as carbon source. All are sensitive towards tetracycline, oxytetracycline, ciprofloxacin, polymixin B, nalidixic acid and rifampicin. All strains are resistant to ampicillin. A data is from this study. + Positive; À negative; (+); weakly positive; S, sensitive; R, resistant. 
